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4. The phonon dispersion curves at 0 GPa of Fe 2 P-type ZrO 2 and HfO 2
In Fig. 1s_a , no imaginary phonon frequency is observed in Fe 2 P-type ZrO 2 at 0 GPa, indicating its dynamical instability at ambient conditions. However, in Fe 2 P-type HfO 2 (Fig. 1s_b) , an acoustic phonon branch is found negative. The dynamical stability of Fe 2 P-type at ambient conditions need to be further investigated by both theoretical and experimental studies.
HSE band structures at 0 GPa of Fe 2 P-type ZrO 2 and HfO 2
HSE obtained band structures of ZrO 2 and HfO 2 are shown in Fig. 2s . The present calculations give bandgaps of 2.64 eV and 3.00 eV for Fe 2 P-type ZrO 2 and HfO 2 , respectively. The ionicity for the Fe 2 P-type compounds is listed in Table 2s . The bandgap of Fe 2 P-type IVa-oxides is found to be wider and wider with the increase of the ioncity. Figure S1 . Phonon dispersion curves for Fe 2 P-type ZrO 2 (a) and HfO 2 (b) at 0GPa (a) (b) Figure S2 . HSE band structure of Fe 2 P-type ZrO 2 (a) and HfO 2 (b) at 0 GPa
